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NATIONJL  ADVISORY CCBMITCEE FOR AEROItALiiICS 

V I B F W I O N  PMOFBERS ON Tm RESWNSE OF AN 

By Jin Rogers Thmpson and Johzl E. Yeates, Jr. 

Limited f l i g h t  measureEents :have been =de i n  order t o  investigsite 
the  effect  of QnanLc vibration absorbers on the  structural  response of 
a Lockheed F-80A airplane  duricg  buffeting. The absorbers were  mounted 
on t i e  wing t i p s  an& were tuned to  the wing second benang node. The 
results were obtained by comparison of data with and without  the absorb- 
ers  ogeretipz through  use of e l ec t r i ca l  frequency-analysis  techniques. 

- 
I 

The resul ts  o'btaiced shawed t lmt   the   dyndc   v ibra t ion  absorbers 
produced large changes in   the buffeti-ng  response of t ie   a i rplane  but  
did not  affect  the t o t a l  power ol" t'le wing tip  accelerations  appreciably. 
Operztion of the  absorber  greatly reduced  the  amplitude of the  principal 
response De& (which occurred in   t he  tuned mode w i t h  the  absorber  not 
operating) 2;-L the  ememe of increased  response a t  higher  frequencies. 
The shif t ing of response t o  'nigher frequencies  indicates that the device 
might  be effect ive  for   re l ieving bm-feting stresses.  

The buffeting  response i n  %he tuned node correlated  with  airplvle 
oomal-force  coefficient  but showed little cozsistent  veriation w i t 2  
Mach numbers within t'ne range investigated.  Operation of the absor'" rs 
reduced the  root-ne=-sq-we  acceleration in   t he  tuned mode t o  a b d v  
one-third i t s  value at the  sme nor?n&l-force coefficient with h p e r  
not  operating. 

Approximeke calculations  indicated  that  for use as a buf'fet allevi- 
ator ,  .zn absorber  instellation weighing considercbly l e s s  thm tha t  
tes ted could  prodme s significant  reduction  in  the  structural  resgonse 
to  buffeting  in  the tuned =ode. The absorber d s o  anpears  useful  as a 
roeans for  Sroducing large changes +n  the  response of a i rcraf t   s t ructures  
t o  buffeting which would grea t ly   fac i l i t a te  much needed research on the 
nature of buffeting  response,  excitation, and ming and the i r   e f fec t  
on the  pi lot .  
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r* The concentratlon of the   bdfe t ing  response of airplanes  in  the 
natural  vibratory nodes of Cke structure wXch heve been shown i n  the 
l i t e ra tEe   ( for   exmgle ,   re f .  1) uld the  similarity of the  response i n  
each mode t o  tJa.t, emzczed of a l igh t ly  dzqed r e s o m t  system subjected 
to  randm  excitation  (ref.  1) suggests that s igni f icmt   redwt ions   in  
biffeting response might be realized i f  e i the r   t he   s t rdc txa l  or aero- 
dyrxmic 6mpicg  (or  both)  could be increased  appreciably. Although no 
practical  mans for  obtaining  large  increases  in  the  interml damsing 
of strictures o r  the aerodynenic damping or" wings  have yet been devel- 
oFed, the  e2fective &%ping of a v ib ra t i rg   s t ruc tue  can be greatly 
increased xithil? a nzrrov frequency  range by  means of a damped  dynarxic 
vibration  abssrber. T h s ,  dynanic absorbers opersti-ng on esch of the 
modes ill which a3l;reciable  bu-feting  response  occurred might provice 
effective  buffet  alleviation. 

Preliminary ground t e s t s  performed e a r l y   i n  195.2 provided  encour- 
aging iri6icatiors ane accordingly -ped dynamic vibration  absorbers 
(hereinafter  referred  to es ckmpers) were designed arzd b-d1-L i n  order 
to   iwest igete   their   effect iveness   in   f l ight .  Confimir?g  evidence of 
tce  effectiveEess of dmqers as bMfet  al leviators w z s  slso obteined 
f ron  f l i gh t   t e s t s  gerformed by the Chmce Vought Aircraft  Division, 
U ~ t e d  Aircraft  Corporation late i n  1952. 

Inasmuch as the  object of the  f l ight  tests  reported  h?rein was t o  
stLdy the  ezfect of U p e r a  on the  buffetiz-2  response of the  airplane 
razher t i i n  develop tke optim-xm configuration  for the test  airplane, 
it was comldered  sufficient t o  provi,de  dampers f o r  one  node only. The 
second wing-bending xode ( a n t i s m e t r i c )  w e s  selected as, for  the test 
a i q l a n e ,  this xode was shown i n  reference 1 t o  contain  the  princigal 
bul"fetirg res;?cnse ( in  terms of w i r g  t ip  acceleration)  emerienced  in 
the high-speed lo"-lift  buffeting  region. Tke dampers were located a t  
the points having t i e   l a r g e s t  motion i n  the selected mode (the w i n g  t i p s )  
ib orCer that the mximwn effectiveness would be obtained for a given eunt of damper weight. 

l,-e m e r s  were designeB according to   the method of reference 2 
which relates  optimum values of the -per design  parmeters  to  the 
clrLzracteristLcs of the  basic  structure (tine wing). The  optimum values 
of reference 2 are t'r-me w3ich nintaize  the  aql i tude response  per unit  
fcrce of a" -mdmxped single-degree-of-freedon system when f i t ted  with a 
danqer of given  weight. Inaslr.:lch as the  design  values nay not be opthim 
fsr the actual  aircraft  struct-;re,  lzrge -per weights were selected so 
th&t reedihy measurable effects  wculd be obtained even ir" the ds;rrpers 
ol;erated at n w - o ~ t i n m  condftions. 
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. Results  are  presented  hereln of l imi ted   f l igh t   t es t s  of the dampers 
in   the 'sigh-speed la;-lift  buffeting  region a t  al-litildes  near 3O,OOO fee t ,  
i n  order t o  show the  effect  of daznpers on the response of' t he   a iq l ane  
structure t o  buffeting. The r e su l t s ,   i n  t'ce f o m  of accelerations of the 
structure and damper  carrponen-is,  were analyzed by e lec t r lca l  frequency- 
snalysis netkads wlhich differed frm those used in  reference 1 i n  sev- 
e ra l   de t a i l s  which were intended t o  ir-creese the convenience and eccu- 
racy of the Eet'rsod.  The buffeting experie-n-ceii and the  effectiveEess of 
tine  -per are  presected as Pmctions of the  zirplm-e  namal-force  coef- 
f fc iez t  and Mach nmnber. 

" 

The i n ~ l i c z t i o z s  of t ie  resul ts   -dtn  regard t o  the nat-me of bu_+- 
fe t ing md  of the bu_+fetiz-.g response and with regard to  the  evaluation 
of Wpers  as   qrect ical   buffet   a l leviators  and ES research  instruments 
a re  also discussed. 

Airp12-rlc.-  The airplene used i n  this investigation (Lockheed F-80A) 
* w a s  the  sme  as that used ilz reference 1. A three-view  drzxing showing 

the  locztion of the  acceleroneters and the pr incipd  character is t ics  of 
the airplaoe i s  presented  as  figure 1. The airplane was modified by 

txent go in ts   a t   the  wing t ips ,  and  were covered by s h p l e  feirinas. A 
photograph showing  one of the fa i r ings  in   place is presected  as  figwe 2. 

" the addi-r;Lon 02 t i e  dampers whLch were  mounted  on the   t ip  tank attach- 

Dampers .- A photograph of OPE? of the dampers ins ta l led  on the air- 
plane i s  :resented as f i g u e  3 ELrld a s c h a a t i c  drawing as figure 4. As 
m y  be seen from these  figures,  the mit corsists of a weight mounted 
on a r ig id  arm attached t o  the shaft of a rota-y-vane-type m i n g  cgl- 
inder and supported by a  folded  cankilever  spring. The  damper case w a s  
r igidly nouzlted to E, stiff charmel which e l s o  supported  the h p e r  
spring. The channel w a s ,  i n  turn, attached  to  the w i n g  t i p   i n  e posit ion 
such that the &amper spring  attacJmeEt  qoints and weight center of grev- 
i t y  were located under the  e las t ic   axis  of the wing. A f i t t i n g  w a s  pro- 
vided on the weight arm which engaged the  front hook of the standard 
wing t i p  b m b  shackle when the damger weight WBS forced upward t o  near 
the limit of its trevel,  compressicx the  spring. 5 " s  f i t t i n g   U m e d  
the damper weight t o  be effect ively  f ixed  to  the wing and t o  be released 
i n   f l i g h t  by f i r i ng  the bomb shackle. 

The complete wing  of the  test   airplzne has a weight of about 
4,200 pounds and a natural frequency i n  i ts  second bending mode of about 
17 cps . Addition of Yne fixed  part  of t5e h p e r  assemblies (30 gounds 

effective weight a t   t h e   t i p  of each hlf of the wing vibrating i n  i ts  
- a t  each t i p )  reduced the  natural  frequency t o  z5oct 15.3 cps. The 
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second  bending ncde ( ix iuding   t3e   e f fec ts  of the  fuselage and  of the I 

fixed  Fart of the h p e r  assexbly) w a s  coxputed by the ,nethod of refer-  
ecce 3 %o be aboEt 270  pounds. Tbds, the  tots1  effective w e i g h t  at the 
t i p s  of the conlple-ce w i n g  was &out 540 pounds. The selected  value of 
the danger moving weight (140 pounds, 70 pounds a t  each t i g )  is thus  about 
one-Zou-rth of the  effective wing weight. For t h i s  weight ra t io   the  
method  of reference 2 gives tine ooth:m value of darnging of the damper 
weight as 3.22 of c r i t i c a l  end the optimum natural frequency of the 
dmper a s  12.2 css. The  damping ratios  given  in  reference 2 are  referred 
to   the natural freqdency of the wing. Hereinafter  the h p i n g   r s t i o s  are 
referred  to  the ckTper na twa l  frequency: i n   t h i s  form the optimum ra t io  
is  0.275 of c r i t i ce l .  

1 

Preflight tests indicated that the natural frequencies of the -7- 
ers were between 3 l  an5 12 cps an& that the datn3iq was about 0.10 of 
c r i t i ca l .  The smll value of  damping was escribed t o  the  limited angu- 
lar range  used i n  the  preflight tests. Thus, the  dmpers as cons3ructed 
had less thm o p t b m   m i n g  and were tuned t o  a s l ight ly  lower f r e -  
quency t- the optim-m for  the  estirrated mass ra t io .  It should be 
noted, however, that the opt inm V ~ E S  given by reference 2 may not be 
oytixxx ?or the  aiqlane  for  several  reasons;  for  exmple,  the  aethod 
of reference 2 t r ea t s  ar- u n d g e d  single-degree-of-freedom  system and 
thus does not  cansider the effect  of either t 3 e   s t r u c t u a l  o r  aerodymanAc 
demping of tke wing or the presence of other modes. Tne =certainties 
involved in  the  calculation of the  effective weight of the vibrating 
wing (and t h m  the weig3t r a t io )  m y  also be  of eppeciable  mgnitude. 
Because  of the  limited  nature of the  investigation  only  the one  damper 
configuration was used i n  f l i gh t  tests. 

Instrunentation.- The instrumentation used t o  measure the struc- 
bza l  response of tne  airplane was s jmilar   to  that used i n  reference 1 
(i.e.,  heated, strain-gage-tme  accelerometers  locatea on major struc- 
tms l  members as shown i n  figlLre 1) w i t h  an additional  accelerometer 
located on each -per weight. Tine his tor ies  of the  output of these 
accelerometers were recorded on an oscillograph  togetner w i t h  the  out- 
puts of a cor- t rol   posi t ion  t ransdt ter   located  a t   the   control  horn of 
the  r ight  ai leron. The fre&ency  response  characteristics  (including 
tne  effect  or' the  galvanmeter  element) of the  acceleroneters were f la t  
w i t 3 i ?  t? perceat up to about IC0 cps a d  that of -he si leron  posit ion 
system ~p t o  about 60 cps . 

5ne flight  conditions (Nach nmber,  noml-force  coefficient, and 
pressure  alt i tude) were obtained tlhrough use of stmdard NACA recording 
instrdxents synckronized  with  the  oscillograph by means of a  coded 
timing  circuit. A calibrated  airspeed system was used and the V a l u e s  of 
Mach nwiaer  quoted are  considered reliable within +O .01. 
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r. Ihasm.xl.1 as tine s t ructural  response was t o  be andyzed by e l ec t r i -  
czlme&ns, the data were also recorded direct ly  i_n_ elec t r i ca l  form To 

airplane and 6 heated,  telemetering-type  accelerometers were ins ta l led  
adjacent t o  the strein-g&ge accelerometers a t  the wing t ips ,  damper 
weights,  fuselage  center of gravity and nose. The seventh  telemetering 
chamel  carried  the coded t h i n g   c i r c u i t .  

d this end m- NACA seven-channel  telemetering  systen was ins te l led   in   the  

Two shultxmeous  recordings of the telenetered sig.nd were  =de at 
a ground station: one through a standzrd W C P -  telernetering  station and 
oscillograph i n  time-history forn; and the other, after  beating the sab- 
carrier  frequencies t o  a converxLent  comnon v d u e  (3 kc), on ul Ampex 
7-cl.lannel ta-ge recor&r . 

T e  conventional  recordhg system was ins ta l led   in   the  airplane i n  
addition t o  the teleroetering system i n  order t o  provide  nore c h m e l s  
thm were taen  available  in  the  tape  recording  ea-uipent an-d t o  provide 
a check due t o  the  experhental  nature of the system. As the tape 
recordhgs proved  completely satisfactory,   the  princiFal  pmt of the 
amlysi-s wzs made direct ly  from the  tapes. 

. The frequency-response chmacter is t ics  of the  telemetered  acceler- 
ometer system were f l a t  within f10 percent ug t o  about 65 cps fo r  the 
w i n g  tis sccelermeters and up t o  about 150 cps f o r  tine  damper weight 
accelerometers. As the major par t  of the subsequent analysis is con- 
f ined  to  li'requencies below about 50 cps,  response  corrections were not 
asplied t o  tAe data. 

- 

Analysis equi3men-L.- The zndys i s  equipneat  consisted of a two- 
chamel,  variable f i l ter  width Autonatic  Hamanic Amd-yzer Model 510 
rnm-uTsctured 'cy Dav5es Laboratories, Inc., Riverdale, Md., and associated 
play back and recording  equipnent. The device  provides a reading of the 
man square of the  signal  passed by the  tunable filter with a specified 
accuracy of f1/2 db. The absolute  accuracy with which the center  fre- 
quency of t h e   f i l t e r  is known is  estimzted  to be about 1 cgs. Fre- 
quencies  obtained  simultaneously on the two channels of the md.yzer 
are conparable  within  smewhat smaller f-imits, however. A Western 
Electric Frequency Analgzer Model 3 A w a s  a lso used in  connection w i t h  
a Brush Pen Recorder t o  o b t a h  tine histor ies  of angl-itude axla nevl 
square  auplitude of s i g m l s  passed by t h e   f i l t e r .  An overall   calibration 
check on each  systen w a s  obtab-ed  before  each  use bg recorung the output 
of the system f o r  a known siausoidal f n p ~ t .  !lke filter shape of both 
analyzers is nearly triangulm when plotted  as amplitude  response s q m e d  
against  frequency. 
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Gromd tes t s . -  Xeaswexents of the  resgonse at the  instrumented 
points   in  the structure for sinusoidal  excitation  applied a t  one  wing 
ti: by means of a r o t a t i q  uibalarlce shaker were made i n  the same manner 
as  tiose  reported ir- reference 1. The results obtained, i n  terms of 
n o m 1  acceleration  per wit force as a function of torcfng  frequency, 
are  presented in   f igure  3.  Results are snown in   f igure  2 for the two 
wing t i p s  (for  the  case of the m g e r  weig5ts  locked t o  the t i p s )  and 
are c-ared w i t h  s i lr i lar  results frm reference 1 for  the  basic wing 
withoilt m e r .  It is apparent frm tile f igme  that addition of 
100 pounds t o  each w i n g  t i p  reduced the frequency of Vie second wing 
bending rrode froz 17 t o  13 cps, snd reduced the response frm about 
0.022 t o  about 0.016g units  per pound. The first ~ L n g  bending f r e -  
quency was reduced from about 8 t o  about 6.2 c y .  The ltifference 
between the results for  the two wing t i p s  evident  in  the  f igure  at  
freqJencies above tiiat of the first bending mode are thought t o  res-fit 
frcm the we of single-point  excitation as Sscussed  in  reference 1. 
Attempts to   obtain response  curves w i t h  the dsmpers operating were 
msmcessful,  owing, it is tinought, t o  the insdequacy of the  excitation 
equipnent  available. L 

Flight  tests.-  As the obJect of the t e s t s  was t o  determine the  per- 
f o m n c e  of the dampers for  specified  buffeting condFtions, the  f l ight  
grogram consisted of attezcpts to  duplicste a,. specific maneuver several 
times w i t h  the dampers locked and w i t h  the dampers operzting. The 
selected maneaver consisted of a slow entry  to  moderately heavy buffeting 
and r f i i n t ewce  of relatively  constant  f l ight cclnditions f o r  as long as 
possible.  Several rms were obtained duzing which the flight  conditions 
were relatively  constmt  (i.e.,   within a normal-force coefficient of kO.10 
and a Yach  number of r0.02) for geriods of frm 15 t o  25 seconds. All of 
the test runs (and the ground response measurements) were nade with the 
w i n g  f ue l  tarks enrpty . Tne amount of fuel  in  the  fuselage tank d id  not 
have a measurable effect  on the wing frequencies. 

Short samples of typical  accelerstion  records  obtsined  in  the  course 
of the f l i g 3 t  tests are  presented in   f igure  6. The time bdstory s:2own 
i n  part (a)  of t n e   f i g u e  w a s  obtained with the h p e r s  locked a t  e. Mach 
nmber of aboct 0.79, s. normal-force coefficient of about 0.44, and an 
d t i t u d e  of about 27,000 feet .  That shown i n  pa r t  (b ) of the  figure was 
obtained w i t h  the dampers unlocked at a2proxinately the sane f l i g h t  
conditions. 

Tk;e character of the wing t ip  acceleration  traces w i t h  m e r  locked 
(fig. 6(a ) )  is similar t o  that obtaineti in  other  buffeting  investigations 
(for  example, ref .  1) ex-& shows considerable  variation  in  born arrrplitudes .I 

en& apparent  frequencies. It aspears, however, that a large coPponent i s  

c 
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1 present  near 13 cps,  the  secoad will@; beading  frequemy f o r  this condition. 
The traces f o r  the unlocked case ( f ig .  6(b))  differs  fro=  tnose or" f ig -  
ure 6(e) princisal ly   in   that   the  second ber-ding freqEency Cppears t o  be 

to-peak  exctsrsions of the t i g  accelerations  are of the saae order  for 
both the  locked end unlocked cases3 however, because of the many vi-bra- 
tory components of different  frequencies  vhich  ere obvFously present i n  
the  records, it is  believed tht detailed  study of tne  effect  of dampers 
shoulii be besed o ~ l  the  spectra of the  notions. 

- l ess  prominent and higher  frequencies more prominent. The naximm peak- 

The traces of the damper accelermeters  in  f igure 6 show the  expected 
resul ts :   in   the locked  case  they  reproduce  the wing tFrp accelerations 
E d  in   the unlocked case show a principal conponent at the m e r  tuned 
frecpency of about 12 cps. Bo-Lh the   t i p  md damper traces show an appre- 
ciable component, near 100 cps. It is believed that this vibration occu-rs 
due t o  a resonance in   the  damper attachmenks and c o d d  be eliminated by 
improved d e t a i l  design. 

ValEes of normal-force coefficient,   at  which the  buffeting started 
md stopped f o r  each of the.runs  obtained,  are  plotted  against Mach  num- 
ber in   f igure  7 where they  are  empared  with a buffet  boundary taken 

s l igh t ly  beyond t'oe boundary of reference by an amount of the same order 
as the  uncertainty  in Mach number. The saints at ead of buffeting f a l l  

shown i n  reference 5 of the effec t  of tine i n  buffeting on the buffeting 
mgr!i.tu&e  and on the end of buffeting. There appears t o  be no s ig f i f i -  
cant  difference between the  bomdary -&th daxrrpers locked and darrrpers 
unlocked. T h i s  resu l t  is t o  be  expected as the damper should have 
e2fec-L until after  buffeting has s tar ted.  

c fron reference 4. The points which  denote the start of buf fe t ing   fa l l  

I consistently below the boundary. This ef fec t  is s imilar   to   resul ts  

In  the  opinion of the   p i lo t  the bu-?feting encountered f e l l   i n   t h e  
moderately heavy t o  heavy clessif icat ion.  Eecause of t'ne d i f f i cu l ty   i n  
maiztaining and repeating  steady  conditions, it was d i f f icu l t   fo r   the  
p i l o t  t o  judge; however, 'his overall  opinion was  tht the damper pro- 
duced no apparent change i n  the buf fe t ing   chrac te r i s t ics  of the air- 
plane. In generel, l i t t l e   e f f e c t  would be expected on the  pi lot   as  the 
-per  was tuned t o  the second wing bendhg mode which has a node a t  
the  center lir-e of the  air-plme. 

Reference 6 shows thzt ,  f o r  =-other a imlane 02 the 6~3z;e type as 
th=t use6 herein,  aileron buzz occurred a t   a l l   f l i gh t   cond i t ions  above 
the  b-uffet  bornday sham in figure 7. As discussed in  reference 1, 
aileron buzz vas  not  encountered i n  the  subject aiqlane unt i l   a  Mach 
nmber of 0.82 was exceedea.  Operation of the m p e r s  produced no apgar- 
ent chmge i n  the  aileron buzz characterist ics of the subject  airplane. 
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DISCUSSION m 

In  orher to  delineate tile  operation of the dam2ers and their effect  - 
on the buffeting  expriencee by t i e   a i q l a n e ,  two runs &wing which the 
fl ight  conditicns were maintained  near the desired  values  for  apgreci- 
able  periods of t ixe w e r e  selected from the data. The two selected runs 
(one w i t h  the dampers locked emd one with the  daqers  unlocked) are 
considered typical of the results  obtaized  md  are  gresented and 5Ls- 
cussed qual i ta t ively  in  terms of the average spectra of the wing t i p  
accelerations. Time his tor ies  of the grincipal  propertiea of a l l  of the 
data obtained, however, are u e d  i n  a qum-titative  discussion of the vari-  
ation with f l i gh t  condLtion of the bidfeting  experienced and the  effect  
of the dampers on tie  airplane  resporse. The operation of the dampers 
and possible   qpl icat ion of dampers t o  bcffeting  problem are also 
Oiscussed. 

$.mlitative  discussion of e f fec t  of  dampers  on buffeting.-  Sections 
of each of the ty;?ical runs 20 seconds long during which the normal-force 
coefficient and ikch n-mber were most nearly const=-t were selected and 
accelerations a t  f i e  r ight  and l e f t  w i n g  t i p s  were t rmscribed from the 
master  telemetered  tape. The transcriptions were formed in to  looy and 
fed into the e lec t r ica l  frec_uency analyzer. The output of the ar-alyzer 
is in   the form of a veriatioc with f reqency 3f the average sc_uEtre accel- 
eration  passed by the filter as the filter is  swept through the  frequency I 

rm-ge. This output  divided by the  f i l ter   area  provices an est-te of 
the power spectral  density of the acceleration tine history averaged 
over the ent i re  20-second length of the record. The crdinate of the 
spectrurr  obtaine& i n  t h i s  m e r  (in  units of g2/cps) is referred to 
hereinafter as the power spectral  density of the  acceleration. 

S3ectra of t i e  two selected r”ms obtained i n  thc manner ju s t  
described  are  presented i n  figure 8. A f i l t e r  w i d t h  of 1.4 cps masurea 
at the 1/2 power poin5 w a s  used. Tile spectra  for t i e  locked  case 
( f ig .  8(e) ) shaws that YrLe griccipal ren2onses of the  structure t o  buf- 
fe t ing occur i n  K?e first wing  bendirig mode a t  6.3 cps and i n  the sec- 
ond  wing  bencling  node a t  14  cps md ere generally  consistect  with the 
resfits presented i n  reference 1. Tlr-e sgectra of the two wigg t ip s  dif- 
fered by less than  the  estimated  uncertainty of t‘ne  measuremeni; end 
therefore the s iq l e  line  presented is representative of both  tips. The 
frequencies of mxirnum response differ frm the ground shaking resiilts 
presen-ced in   f igure  5 by a maximun of about I cps, the   es tka ted  uncer- 
ta in ty  of the i’reqvcency dete-dnations.  Altho%k tlze differences between 
the two se t s  of data (both herein, i n  rei“. 1 and i n  other  similar  papers) 
ere smll, the  possibil i ty that they may result fro= aerodynmic  forces 
during bLSfeting shauld  not be ccmpletely  igncxed.  Differences  could, 
of course, also resulz i f  the mode shapes  obtaified w i t h  single-point - 
shaking were not  representative of those  occurring i n   f l i g h t .  
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The spectra of wing t i p  acceleretions  obtained with the dempers 
wlocked, which are  shown in   pz r t  (S) of figure 8, &re nsskedly c b g e d  
from those or' the  locked  case  presented i n   p a r t   ( a )  of the  figure. It 
is  b e t i i a t e l y  apparent that ogeration of t i e  dampers greatly reduced 
the  lzrge  resonant peak which occurred i n  the second wing bending mode 
with the &per Socked, produced no s ignif icant   chnges  in   the first 
=ode response,  increased ?;he ressonse  over a range of frequencies above 
that of t'ne tuned ?node, end destroyed  the symmetry of response of the 
two wing t i p s  a t  frequencies  near ths t  of the tuned mode.  Toe difference 
betweer- t e  respolzse of the two win3 t i p s  with the &angers unlocked is 
believed  to  result from differences  in  the  characterist ics of the h p e r s  
and w i l l  be discussed i n  more de t a i l  subsequently in  the  section  "mer- 
&ion of mpers .  *' 

Although the time average of' the normal-force coefficient and Mach 
nmber during the two runs considered affered by only  e small amount, 
the Mach numbers varied between extremes of 0.78 and 0.81 and the  nomal- 
force  coefficients var ied between 0.25 a d  0.48 during the -docked  run 
and between 0.33 and 0.56 i n  the  locked  run. As previous  buffeting 
results (for example, ref'. 1 and 5 )  have shown that both t'ne Intensity 
and chEracter of b-&feting ?.nay change rapidly  with small changes i n  
nom-force   coef f ic ieEt  md Mach  number above tr& bow-de;ry, the effects  
of these  large  variations  in  flight  condition must be considered m-d, 
therefore,  direct comptrison of the tvo spectra  $resented  should  be con- 
sidered as qualitative  orly.  

Y 

The are& under a  spectrun,  usually  referred t o  as the  " total  power," 
may be considered  as  a  masure of the  overell buTfet intensity.  D- this 
connection it is of in te res t  t o  note  that f o r  a single-degree-of-freedon 
system subjected t o  a f l a t   s p e c t r m  of excitation the t o t a l  power  of 
acceleration is i d - in i t e .  For the same system, however, the t o t a l  power 
of velocity and of displacement hzve f i n i t e  values which are functions 
of the h p i n g .  T h u ,  on theoretical  grounds, the t o t a l  power of dis -  
placesaent o r  of velocity would appear t o  be bet ter  measures of overall  
buffeting  intensity  than  the  total power of acceleration. It w i l l  be 
sho-m, however, t'mt almost dl of the power of the spectra of f igure 8 
OCCUT a t  frequencies  belov  about 40 cps. This result   indicates that i n  
this case  the  excitation is negligible above about LO cps and thus  the 
acceleration power may be used in  the  subject  case  as a measure OP over- 
all buffeting intensity.  Accelerations were used i n  the  subject  tests 
as they  could be rreasured conveniently and were adequzte t o  describe 
the o9eration of the  dmqers. For other par-poses, of course,  the  other 
measures  might  be nore  s-aitzble.  For example, buffetir?g stresses might 
best be studied  through use of dellection  measurments, damping tbzough 
use of velocity, esld effects  on the  pi lot  through use of acceleration. 

.n T'ne area uzlder the  sgectre  presented  in  figure 8, tdsen between 

a - frequencies of 4 and 40 C ~ S ,  i s  f o r  the locked  case 0.75g2, m-d for the 
, .. r .--.- 
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unlocke8  case &bout 0.60~2. The value  presented  for  the unlocked case 
(in which the  spectra cf the two w i n g  t i p  accelerations  are  different) 
was obtained by averaging the vahes  for   the two t ips .  Considering the 
slightly  higher  value of the average no--force coefficient during 
the locked my it aFpears fro= these values that the   to ta l  paver of tine 
the  acceleretion is of the saae order with the damper operating  as w i t h  
the  dzsper  not  oserati-ng. Tifie vel idi ty  of t'iAs s-latenent is, hovever, 
scbject t o  the same cpdi f ica t ions  due to   the  detailed var ia t ions  in  
noEnal-force coefficients and Kach  number within the runs as is the 
direct  comparison of the spectra  discussed ebove. 

8 

A s  a matter of interest ,  the acceleration  spectra, ol' figure 8 were 
converted t o  deflection  spectre and the  total  parer  obtained. 112 terms 
of deflection  appreciable pmer occurred only below 20 cps and the   to ta l  
power i n  the unlocked case was 70 percent of that f o r  the locked  case. 
This  value may be compared with the acceleration power r a t i o  of 80 per- 
cent  presented above. Examination of the spectra of figure 8 reveals 
t h a t  although the t o t a l  powers remain of iAe saue order, an appreciable 
portion of the t o t a l  power is shif ted from t i e  tTm-ed node t o  higher fre- 
qcencies by operation of the dampers. Eliminating the e f fec t  of the 
first node  by integrating between 9 and 40 cps, it w a s  found that the 
acceleration sower i n  t h i s  range was affected to   the  same extent as the 
t o t a l  power  by operation of the dmmers whereas the deflection power 
was reduced by e factor of about 2L: This effect  i s  believed signifi- 2 
cant from the point of v i e w  of possible stress relieving  effects of 
danpers and w i l l  be discussed i n  more detail subsequently. 

Guantitative  discussion of effect  of dampers on buffeting.- IC v l e w  
of the  large  variatiops of normal-force coefficient and Mach nmber with- 
i n  and between the various rms obtained an6 of the knmvll varietion of 
buffeting  intensity w i t h  both  normal-force  coefficient and Mach nmher, 
it appears  necessary -Chat the results obtained be correlated w i t h  f l i g h t  
conditions  before a quantitative  evalilation of the effect  of tine denper 
can be made. Two quantities were chosen fo r  this  correlation: first, 
the t o t a l  power of the wing t ip  acceleration, which, as discussed i n   t h e  
precetiing  section,  apsears to be a usable measure of the overall buf- 
feting  intensity  without  regard  to frequency; md, second, the power i n  
the mode t o  which the damper w a s  t-med. The t o t a l  power WELS obtained 
by feecling the acceleration  signal  into a themocouple device which 
recorded i t s  average  square as a flinction of tine. T-ke power i n  the 
damser tuned mode was obteined i n  the same m e r  except thct a f i l t e r  
centered on the seconii mode frequency was inserted  into the c i rcu i t  
ahead of t i e  themocouple. In both  cases  the t h e  his tor ies  were recorded 
direct ly  frm the  master  tape i n  order  to  avoid the effect  of  a splice 
which  would occur i f  a loop was  wed. The ressonse of the complete system 
used is f la t  within 10 percent between frequencies of about 3 and 65 cps. 
The pass band between the half-power points extended  fram  about 1.5 t o  
80 C ~ S .  The lower limit resalts from tine AC s igml  m215fier  used  and 
the  usper lhit from the  accelermezer  characteristic. - 



I Figure 9 is  presented i n  order to  i l lustrate  the  operatiocs  per- 
formed on the data a d  the  nature of the variations  icvolved. The vari-  
ations w i t h  time of the flight  conditions,  cmponect  accelerations, and 
average  square  accelerations  are shown. The exangle  presented is the 
locked  case for  which the spectrum was presented in   f igure  8(e) and a 
section of the  basic  record was presented in   f igure  6(a) .  

- 

The  p?easu-pes of power obtsiaed witc the amlysis equipment are sub- 
j e c t  t o  dis tor t ion due t o  the time constants of the equipment. The 
effect  of the f i l t e r  is shown in  the  center of the  figure where time 
his tor ies  of t i e  coniponent of the  basic  record  passed by the f i l t e r  when 
tuned t o  tine first and second  bending mode frequencies  are  recorded. 
These time his tor ies   are   s imilar   to  the mplitude time histories  presected 
i n  reference 1. The time  constant of the filter used i s  of t're order of 
1/2 second  acd i ts  overall   effect  on the record is similar t o  a rmrlning 
1/2 second average. The d is tor t ioc  due t o  this ef fec t  i s  believed t o  be 
small a t  tine  Afrequencies considered as the maximum rate of change of 
response of t'ne structure (which is fnversely  Sroportiond  to  the ilAsrpirg 
of t'ce motion) is  of the sane order as that of t he   f i l t e r .  The character 
of t he   ap l i t ude  tine histories  presented confirm the results of refer-  
ence 1 in  that   they show that  the buffeting  ressonse of the structure 

re ls ted t o  the  variations of normal-force coefficient and bbch nunber 
and which is  consistent with the response  expected of a   l igh t ly  damped 
system subject  to random excitation. 

- consists of intermittent bursts which do not appear t o  be direct ly  

Tie tinemacouple device  used to  obtain  the  average  square of the 
data has  a t h e  constant of about 3- secor-ds. Thus, the device  has the 1 

2 
ef fec t  of a  ruming 9 "second average of the sqiraze of the inpuk signal. 
Time his tor ies  of the thermocouple output  for  the t o t a l  power and %be 
power near  the second  bending mode are  presented a t   the   top  of the figure.  
As the averaging  process results In zn apgarent  lag of the  outgut, the 
power time his tor ies  have been shif ted ahead in time t o  account f o r  this 
effect .  The values of power were averaged  over a 2-second period  aad 
were coapared w i t h  vzl-aes of Mech n-miber and l i f t  coefficient  meraged 
over the sane 2-second interval.  

2 

The variation of the t o t a l  power of the wfng t5p  accelerations 
reduced i n  the =mer just described is presented i n  figure 10 as  the . 
variat ioc of the root-raearbsquare (rms) acceleration with a i ro lme  nomd- 
force  coefficient. Root-aean-square values are used instead of average 
s q u r e s   a s  the datz, appear t o  p lo t   l inear ly   in   th i s  form. For the  case 
w i t h  the dampers unlocked, where the   to ta l  power a t  the two w h g  t i p s  
is  different,  the average of the t w o  tips i s  presented. The points 011 
the  figure  are coded. t o  indicate  the Mach nunber range and a  straight 

- l ine   fa i r ing  of the  locked data is shown i n  both  parts of the  figure t o  
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facil i tate  congarisor.  Zhe ;points show considerable  scatter; however, a 
marked trend of increasing rms acceleration wit'n increasing no--1-force 
coefficient and EL tendercy  taward  increased rms accelerztion w i t h  increased 
I&ch  number are evident. It is  agparent  froa the figure that operation of 
the damgers produced L i t t l e  change i n  the m s  acceleratior- at the wing 
tigs within  t ie  rarge of flight  conditions  1nvestigs;ted. 

-I 

The points  obtained by integration of the  spectra of figure 8 are  
d s o  glo t ted   in   f igure  10 (large syrabols). It is evident that these 
points are consistent w i t h  the  rerminder of the data indicating  that 
a h o s t  a l l  of tine  power of the  lrotion a t  t i e  wing t i p s  i s  contained w i t h -  
i n  the limits of integration used (4 t o  40 cps ). 

In  order  to  obtsin a neasure of the power i n  the second wing-bending 
mode t o  which the ciamper was tuned, the response i n  t h i s  mode was isolated 
by the use of  a f i l t e r  as sreviously  described. As it we6 the  intention 
to  present a measure  of a l l  of tiie bMfe.t;i_ng resgonse  near  the  tuned =ode, 
a f i l t e r  width of 3 cycles a t  the half-power point, w5Lch enconpassed the 
principal  part  of the  desired  response, wzs used. For the  locked  case 
the f i l t e r  w a s  centered at 14 cps, the frequency of mxism resFonse s h m  
in  f igure  8(a) .  For the d o c k e d  case the filter WES centered oa 12 cps, 
the kxrger  tuned  frequency. This frequency was chosen beczuse  reference 2 
shcws that f o r  the optimum systenz there considered  the  principal  resgonses 
are concentrated  about this frequency.  Inasnuch ELS the dampers did not 
operate under o3timm.n conditio-ns during the subject tests (discussed i n  
nore de t a i l  subsequently) znd as reference 2 shows that tk effect  of non- 
optiuim  conditions is, i n  general, t o  spread the response  unequally  about 
the  tmed frequency, resdts obtained i n  the ma-mer described my  not   give 
proper  weight t o  some of the deleterious  effects of nonoptfmun conditions. 
Thus, the results are tllought to be representative of the performance of 
dRgiDers nearer opthum then tnose tested. 

The correlation of the pwer near tlne second node w i t h  normal-force 
coefficient m d  Mach nmiber is presented in   f i gu re  11 i n  the sane f o m  as 
that used i n   f i g u e  10. The nus acceleration  values a t  t'ne w i n g  t i p  m e  
those  passed by the f i l t e r  a t  the  indiceted  frequencies and, as in   t he  
previous case, the unlocked  values are the average of the results fo r  the 
two wing tips. The correlation shows some sca t te r  but a consistent  effect  
of normal-force coefficient. The data are   sa t i s fac tor i ly   fa i red  by s t ra ight  
l ines  which intersect  the zero  acceleration  axis at about the same point 
thus confirming the expectation that the damper should 'nave l i t t l e  e f fec t  
on the buffet boundary. The effect  of operating the dsnper is clear ly  
shown and amotmts t o  a reduction of t3e rms acceleration in tkse second 
mode by e. factor  of aboct t'nree . O r ,  from mother  point of  view, the air- 
plane  could be operated  near a Mach nulzber  of c.80 a t  e. normal-force  coef- 
f i c i en t  of about 0.50 with the daqers unlocked  without  exceeang the 
vdue  of rms acceleration  in the tilned Eode which occurred d-th dampers 
locked a t  a norn?el-force Coefficient of 0.20. 



c Operation of d.mpers.- It is of in te res t  t o  examine the operation 
of the dzmpers i n   s m e   d e t a i l  io order t o  deternine  the  operating con- 
ditions f o r  coaqarison w i t h  Yae design  conditions and to  investigate  the 
-ked difference  bekeen  the  response of t'ne two wings. The spectra of 
the two  wing t ips   for   the  danger-unlocked case  taken frm figure 8(b)   are  
reproduced in   f igure  12 where they are compared with the  s3ectra f o r  the 
damper weights  during  the sene run. The s p e c t m  of each wing  and i t s  
danger were obtained  simultaneously on the two channels of t i e  analyzer 
i n  order t'mt the  frequency scales should be as conparcble as possible. 
(See section  entitled  "Instrunentation.") It is evident from the figure 
t-hat the peak responses of the two  dampers occur  near the tuned  frequency 
(betweeo 11 and 12 cps) m& that the  spectra  agree  mre  closely  than do 
those of the wing t i p s .  

The variation wit'n freqizency of the   ra t io  of %he absolizte  motion of 
each ckmper weight t o  that of i ts  wing tip  (the  square  root of the  ra t io  
of the  ssectra Of figure 12) 1s compared i n  figure 13 w i t h  theoret ical  
values computed from the relations of reference 2 f o r  aspropriate  values 
of damsing, and w i t h  e b r a t i o n   t a b l e   t e s t  r e su l t s .  It is apparent that 
the   f l igh t   t es t  curves  agree  satisfactorily w i t h  the theoretical  curves 
cmputed  for a --per tuned  frequency of 12 cps;  the l e f t  damper ( g a t  (a). 
or' figure) had-ng ming of the m e r  weight of about 0.125 c r i t i c d  
and the  right -per (part  (b) of figure) having a a p i n g  of about 
0.20 c r i t i c a l .  Data from other runs showed results in  agrement w i t h  

dauper, but showed a considerably  greater  vaxiation fo r  the right damper. 
Thus, i n   f l i g h t   t h e   l e f t  damper operated  consistently  but had only 45 per-. 
cent of the desired damping (0.275 of c r i t i c a l ) ,  whereas the r ight  damper 
had 73 percent of the desired damping but appeared to  operzte  inconsistelli;ly. 

.. those  presected  within the uncertdnty of the rneasurements fo r  the lef t  

Ekca-me of the above results,  addLtional IIleasuremerrLs of the -per 
response were made at  the  completion of the f l i g h t  tests. The  dampers  were 
mounted  on a vibrating  table and accelerometers were placed  both on the 
table m d  dsnpr weight;  thus,  the motion of the  table was analogous t o  
the motion of t'ne w i n g  i n   f l i g h t .  Response curves were obteined  for  steady 
oscil lations a t  anplitudes  representative of those  obtained in f l ight   both 
at raom temperature and a t  a temperature  near that encountered i n  flight 
( -30° F) and a t  a reduced  amplitude a t  room temperature. The resu l t s  
obtzined  for  the  case of low temperature end the enplitude  representative 
of thzt encoun';ered ir- f l i g h t  ere presented i n  figure 13. The curve fo r  
t h e   l e f t  danper i s  i n  resonzbly good agreement w i t h  t h a t  of the f l i gh t  
ate.; however, tht for   the  r ight  &amper d i f fe rs  markedly. The shape of 
the  curve f o r  the  r ight  -per (particulerly the low value almost up t o  
tkne frequency of mexhm response and the abrupt  increase t o  the  freqaency 
of maximm response) is sinilar t o  that which might be expected if sn 
appreciable  mount of f r i c t i o r  was present  in  the dnn?ser. This resul t ,  

t i on   t o  be t i e   a o s t  probable  cause of the  relative  inconsistency of oper- 
ation and the higher apparelz-i;  -ping of the  r ight danger. 

. together w i t h  other  results  not  presected,  icdicates  the  presence of frit- 



14 

Conputatims  fro= The relations of reference 2 for  the  f l ight  6eter-  
mined values of t-ming and damping, cmoined w i t h  the assumption t h a t  the 
input was mclhanged  by tile orreration of the darr,sers (i .e. , the spectrum 
measured with dampers locked t ixes  the r a t io  of the res-gonse curve con- 
puted from reference 2 t o  that of a single-degree-of-freedom  system)  pro- 
vided  resonably satisfactory  estimates,  both  in shape and magitude, of 
t'ne spectra raeasxred in   f l igh t   wi th  the W p e r s  unlocked. Although the 
spectra w i t h  h p e r s  locked were the  sme a t  tke two tips,  the  spectrun 
ai; each t i p  w i t h  dampers unlocked reflected the characterist ics of i t s  
denper indegendent of the other dam3er. The s w e t r y  of the  response 
measured at  the two vi-% tiss i n  the  locked  case  extends  not only to   the  
spectra  (f ig.  8) but  to  the  individiial bursts w'nfch are  characterist ic 
of tcle buffeting  response. Comparison of amplitude time histories s h i -  
lar to  tnose shown ifi f igme  9 shows that the time variations Of the 
response at the two t ips  agree  almost burst f o r  burst i n  the locked  case. 
In  the unlocked  case, kraTeVer, the  amplitude t h e  his tor ies  of the  response 
at the wing t i p s  do not  appear t o  be related. The t ~ e  history of each 
-per response, of course, follows the  response or" i ts  w i n g  t i p  burst 
fo r  burst a s  expected. Tne p r inc ipd   e f f ec t  of the low damping (45 per- 
cent of o p t b m )  of the l e f t  daxrper  compared t o  tht of the r igh t  h s e r  
(73 percent of optimum -ping) is sham by bot'n the conputations and 
experhenta l   resu l t s   to  be the increased response of the l e f t  tip near 
16 cps  evi&ent in figure 12. 

Possible  applications of  dampers.- Two nossible  applicetions of 
dynazic vibration  absorbers  to  aircraft  buffeting  eppear  practical i n  
v i e w  of the r a t e r i a l  which has been presented: first, as a device t o  
a l leviate  buffeting, ELIXI second, as a research  instrument (a zeans f o r  
producing large changes i n  the response of the a i r c r d t   s t r u c t u r e )  which 
would greatly  fecil i tate  study of the factors which a f fec t  the p i l o t ' s  
appreciation of buffeting and the  nature of buffeting  response,  excita- 
t ion,  a-d damping. 

For possible  me of the device as a b d f e t   a l i e v i a t o r  the first con- 
sideration is  the weight which  would be a&& t o  t ie   s t ruc ture .  The t o t a l  
weignt of the experimental damper ins ta l la t ion  tested was 200 somds, 
about 5 percent of the wing w e i g h t .  As this weight  might  be  considered 
excessive Tor pract ical  use, ca lcda t ions  were performed by the  nethod 
referred t o  i n  the srevious  section  in order t o  provide  an  indication of 
the performance capabili t ies of lighter weight dampers. The calculations 
indicated t i a t  danpers h v i n g  rxoving weights of 0-dy 10 sounds ( to t a l  
weigkt of about 0.7 sercent of the wing weight) would reduce the peak 
respcnse  almost  as much as did tne 7O-pound weigb-ts but would not  spread 
the response  over as wide a ranse of frequencies. The calculations also 
indicated that with a &anper ins ta l la t ion  somewhat  heavier  than that with 
10-pound-moving weights and having compoce-n_ts tuned t o  both  the first and 
second wing-bending mode frequelzcies, the  response t o  buffetips of the 
test  airplane  could  be  mde  nearly f la t  throughout the irwestigated  fre- 
quency r a g e .  



A d i f f icu l ty  which d g h t  be encountered.in  practical  application of 
dampers as buffet   al levdators  results  fro=  the f a c t  that a change in   t he  

(and therer"ore  the  effectiveness) of the danper. Tce princigal cause of 
changes of the w i l l g  natural  frequencies ir- f l i g h t  is the  use of fue l  
stored in   the  wings; thm, the dampers could be tuned  only  for  the most 
critical  buffeting  condition,  or,  alternately,  the  additional ccarrplica- 
t ion of &utomatic  tuning  could be accepted. !The weight penalties zsso- 
ciated w i t h  damper in s t a l l a t iom might be  rdn-zed  by novel  design  fea- 
tures,  such  as  the use of roteting elements or   cer ta in  itenis of f ixed 
equipent  as the  spung mass. 

- natura frequency of the bu3fetir-g mode  wo7d-d change the  tuning  ratio 

The results  presented  herein  provi6e an indication t i t  large changes 
i n   t h e   c h r a c t e r  of the  spectra of the  buffeting response of su1 airplane 
can be  msde by use of a tmed  damper and that ,  wit'nin pract ical  lWts, 
almost any desired  tme of spectra can be produced by suitable  cmbina- 
tions of dampers. The problem thus  arises ES to w h a t  is the   least  
object iomble  tme of buffeting  response  spectra which could be desired. 
Obviously the  characteristics  desired  for tihe spectra would  depend on the 
p r i n c i p d  purpose; f o r  example, the reduction of  w i n g  s t resses  due t o  
buffeting , reduction of bu-ffetillg f e l t  by the  pi lot ,  and so forth.  

I 

The t o t a l  sganwise variation of the wing s t r e s s  due to   bs f fe t ing  
may be considered  as  the  vector sum of components i n  each node, the stress 
i n  each nocie heir!! a different  function of the t ip  deflection. For a 
simple systen  (i.e.,  a siagle node) the probability of occurrence of 
oscil lating  stresses  greater than e given  level is reduced i f  t he   t o t a l  
power  of the  notion is reduced. The results presented  herein show t h a t  
althollgh the Zampers do not  reduce  the t o t d  power of the t ip   accelera-  
dons,  they reduce the power markedly i n  tln-e tuned rnode and slhift it t o  
Ugher  frequencies. Thus, f o r  cases i n  which the maximun buffeting  stress 
results  principally from one mode, a significant  reduction  in mvrimum 
s t r e s s  night resu l t  from d5stribGting  tne power of' the prfncipalnode t o  
higher modes i n  which the  s t ress   levels  were no t   c r i t i ca l   o r   i n  which the 
naxhums occurred a t  different spenwise s ta t ions.  from these considera- 
t ions it appears tha t  dampers night be used t o  reduce mximm bu-+feting 
s t resses  o r  reduce s t ruc tura l  weight by allowing =ore e f f ic ieo t  use of 
the structuzal  material.  Tie  gains  realized would  depend both on the 
buffeting  emerienced and on the  details  of' the  structure e d  .m ard-ysis 
much  more detailed than the previ-ous  re?rarks would be necessary  before 
s t r i c t  conclusions  could be reached f o r  any particular  case. 

L 

In order t o  reduce the  bu-ffetirg f e l t  by the S i lo t ,  it is, of course, 
necessary t o  know how his appreciation of buffeting is related t o  the spec- 
t run   to  which he i s  subjected. Very l i t t l e  information i s  available on 
this subject and research dong these  lines i s  both desfrzble and necessary. 
As indicEted  previously,  the  present  results show thet use of dampers t o  
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a l t e r  the sgectrum affords  an  excellent  research  tool  for this purpose. 
It is  also  believed tha t  such work would provide much needed information 
on the  nature and xechanism of buffeting  response,  excitation, end denping. .. 

CONCLUDING EMARKS 

L h i t e d  f l i g h t  measurercents hzve been made in   order   to   invest igate  
the  effect  or' Qnamic vibretion  absorbers on the s t ruc tc ra l  response of 
a Lockheed F-80A a i rp lme  dxring  buffeting. ?he absorbers were momted 
on the wing t i p s  and were tuned to   t3e  second wing-bending mode. The 
resu l t s  were obtained by comparison of runs with and without the absorbers 
operating through u e  of e lec t r ica l  frequency--lysis  techniGues. 

merat ion of the  dynmic  vibration  a5sorbers pro6zced large changes 
i n  the response of t i e  structure,  greatly  reducing the amplitude of the 
principal  resgonse peak of t i e  wing t ip  acceleration  sgectra (which 
occurred i n  the second mode witn  dmper  not  operating) a t  the expense of 
increased  response a t  Mgher  frecpencies. The total   parer  of the w i n g  
t i p  accelerations Ciurir-!! bvffeting w a s  not appreciably  afzected by oper- 
ation of the absorbers;  narever, a large part of the t o t a l  power was 
shifted  fro= the second node t o  higher  frequencies. T h i s  shif t  indicates 
t h a t  tke device might be e3fective  for  relieving  buffeting  stresses. 

The par t  of the m s  acceleration of the wing t i p  during  buffeting 
at frequencies  near the second  wing-bendica node correlated w i t h  airplane 
nom&-force coefficient  but showed l i t t l e  collsistent  veriation w i t h  "ech 
nmber  within the region  investigated.  Operation of the ebsorbers 
redmed the rms acceleration i n  the trrned mode t o  aboxt  one-third i t s  
v a l x  at the same nomial-force coefficient wi th  damper not  operating. 

Approximate cdculations  i txlicated  that   for use as a buffet a l lev i -  
ator, &11 absorber  installation  weighiq  considerably less than that tested 
could produce e, sigdr ' icazl t   redxt ion  in  the s t rdctural  response t o  buf" 
fetir!  of the tuned node. The zbsorber also agpears  useful as a means fo r  
producins  large changes i n  the response of aircraf t   s t ructures   to   buffet ing 
which  would grea t ly   fac i l i t a te   mch needed research on the natilre of 
buffeting  response,  excitation, end damping and their e f fec t  on the 
pi lo t .  

Langley Aeroneutical  hkoratory, 
National Advisory Conmittee for Aeronautics, 

Ungley  Field, Va. , Octoker 20, 1954. 
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1 Noma1 accelercmoters 

Figure 1.- Three-view  drawing of test  airplene (Loc-Meed F-8OA) showing 
location of eccelerometers  and damper fairings. 



L-82812 
Figure 3.- Photogrzph showing damper mounted on l e f t  wiEg t i p  of test  

a i rp lme  with f a k i n g  removed. 



N 
0 

Weight support 

. 

,-  a am ping cylinder 

Figure 4.- Schematic drawing of damper. 
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Figure 5.- Response of airplane  structure t o  sinusoidal  excitation  applied 
at the right wing t i p  w i t h  and without dampers installed. 



(a) Dmpcrs locked. 
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(b) Dampers unlocked. 

Figure 6.- Tracings of parts of the  acceleration  records obtained during 
bdfet lng with tuned vibration absorbers locked and unlocked u t  a 
Mach number of about 0.79, a normal-force coefficient of about 0.44, 
and an altitude of about 27,000 feet. 
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Figure 7.- B u f f e t  boundary data f o r  the test a i r p l a e  with  tuned  vibration 
absorbers  installed. 
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(a) Dampers. locked.  Average Mach number 0.79; average normal force 
coefficient 0.46. 
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(b) Dampers unlocked.  Average Mach number 0.79; average normal force 
coefficient 0.40. 

Figure 8.- Spectra of normal accelerations at the wing t ips  during 
20-second section= of two typical  buffetlng runs, one with dampers 
locked a d  one with dampers  unlocked. Fi l ter  band width at half- 
power point, 1.4 cps. 
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Figure 9.- Time histories of flight conditions, component accelerELion6, 
and to ta l  and component average square accelerations for the lef t  
wing t i p  during typical  buffeting  run with dampers locked. The  power 
time histories have  been shifted to account f o r  the apparent lag of 
the  thermocouple. 
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Figure 10.- Correltxkion with flight condibion of total rms acceleration 
at the w i n g  t ips  during buffeting f o r  dampers locked and unlocked 
cases. 
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Figure 11.- Correlation  with fl ight condltion of rms acceleration passed 
by f i l t e r  or 3 cps band width centered on frequency of second  bendlng 
mode. 
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Figure 12.- Spectra of dumper accelerations during buPfetlng compared 
with spectra of  wing t i p  accelerations reproduced  from figure 8(b). 
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Figure 13.- VEriation wit'n freguency of the r a t i o  of demper motion t o  
w i n g  motion obtained fo r  eech damper during flight tests.  Vibration 
table  test resu l t s  and theoret icel  curves ere  included f o r  conperison. 
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